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High Electric Demand Day and
Air Quality in the Northeast

I. Context of Air Quality Problem

On hot summer days, high electricity demand camdtially increase ozone-forming
air pollution from electric generation that is amtly not incorporated into air quality
models used for planning purposes. The emissiakgen the hottest days most
conducive to ozone formation create an obstact®tdtinued progress in attaining and
maintaining air quality improvements in the Ozomarsport Region.

The seasonal nature of the NOx Budget Programeit©ione Transport Region is not
effectively addressing the short-term daily andrhospikes in ozone-forming NOx
emissions on days of high electric demand and bdmgime formation. Peak electricity
demand on the hottest days is growing two to ttirees faster than baseload demand,
and the electric power plants that are used to meetasing peak demand can be among
the dirtiest power plants in the region. Furthemmelectric system operators must also
maintain a set amount of generation resources(tatperating reserve”) that are on
standby and available above and beyond peak @i¢gctiiemand in case a large electric
generator or transmission line goes down when ddrsagreatest. The increased use of
existing relatively dirty resources to meet increggpeak demand and the operating
reserve above the growing peak demand adds tdtikerge of limiting ozone-forming
emissions from electricity generation on hot sumdagys.

With higher electricity demand also come highectileity prices. Generation sources
responding to peak day demand can garner signifemnomic rewards, while in some
states the costs of traditional emission contralthese sources may be passed through to
ratepayers, further adding to upward pressure ak gay prices. Therefore, addressing
air quality concerns on peak demand days requomsideration and integration of

energy and economic factors in conjunction withgaiality and public health concerns.
This brings the opportunity for a more expansivénitéon of available resources on

peak days that includes not only supply (generatom also demand (energy efficiency
and conservation).

A. Ozone

Ground-level ozone is a persistent public healdblgm in the Northeast. Breathing
ozone in the air damages lung tissue and may garseanent lung damage. It reduces
lung function, making it harder to breathe and sayshortness of breath. It aggravates
existing asthmatic conditions, thus potentiallgdering asthma attacks that send
children and others with asthma to hospital emergeooms. Ozone places at particular
risk those with preexisting respiratory illness&s;h as emphysema and bronchitis, and it
may reduce the body’s ability to fight off bactéii#ections in the respiratory system.



Ground-level ozone also affects otherwise healthigieen and adults who are very
active, either at work or at play, during timeshigh ozone levels.

The highest concentrations of ground level ozonésmog,” in the Northeast are most
often seen on the hottest days of the ozone sed8ben tracking trends in high ozone
levels and hot summer days, it is clear that thehéast states have made significant
progress in improving the region’s air quality otlee past 30 years. The trend in
Connecticut, for example, shows a large decreaeinumber of 8-hour ozone
exceedance days relative to the number of hot @a96° F) since 1975 (Figure 1).
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Figurel. Trend in annual number of 8-hour ozone exceedance daygeétahumber of days 90° F or
higher in Connecticut from 1975 to 2005. TemperatureataBeadley International Airport near Hartford.
The figure shows a decreasing trend in exceedance days thatdévelmore recent years (Figure from
Connecticut Department of Environmental Protection).

Because upwind regions to the south and west oh&ditut strongly influence ozone
levels in Connecticut, its ozone trend is a reftacbf measures taken not only in
Connecticut, but in other parts of the Ozone TrartsRegion and other upwind states as
well.

The decreasing trend in ozone is due to measuaeshih states and federal government
have taken to reduce the emissions of the chemprealrsors of ozone — nitrogen oxides
(NOx) and volatile organic compounds (VOCSs).

1 U.S. EPAOzone and your Health, EPA-452/F-99-003, September 1999 (available at
http://www.airnow.gov/index.cfm?action=static.brochure).



Despite this success, more recent years suggedetieasing ozone trend has flattened
and is no longer decreasing at a sufficient ratedet timely attainment. While new
control measures are on the books and on the wageling of future ozone
concentrations indicate that people living in lapgetions of the Ozone Transport
Region, both inside and outside the Northeast Goryiwill remain exposed to ozone
concentrations above the current health-based Bdmmne national ambient air quality
standard (NAAQS) of 0.08 ppm after 2009. A largart of the region will be just below
the 8-hour NAAQS, highlighting a potential challeng maintaining the 8-hour ozone
NAAQS during possible successive hot summers (Eigyr
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Figure2. The map on the left presents color-shaded 8-hour czmreentrations representative of design
values in 2002 at individual ozone monitors (represenjegirbles) in the Ozone Transport Region. The
map on the right presents the modeled ozone design wal@669. Red shading indicates monitors with
ozone levels above 87 ppb, which is above the 8-houredddMQS of 85 ppb (0.08 ppm). Orange
shading represent monitors with modeled ozone levels & 87 ppb, which ranges from just below to
above the 8-hour o0zone NAAQS of 85 ppb. While theediffice between the left and right maps indicates
continued progress in reducing peak ozone concentratianslliptical regions in the right side map
highlight the areas of continued nonattainment and nestt@nment. These areas contain the major east
coast population centers. Note that the 2009 predicted dedigen map includes the benefits of control
measures which have been adopted and take affect after 2@@Rehttom OTC modeling).

In light of the flattening trends in ozone and thedeled 2009 ozone levels,
demonstrating attainment of the 8-hour ozone NAAQState Implementation Plans
(SIPs) and maintaining the standard once attainkdaontinue to be major challenges in
the Ozone Transport Region. Addressing emissiams the electric generation sector



on high electric demand days will be a key compbnemeeting these challenges.

Figure 3 illustrates the relationship of EGU NOxigsions, high electric demand, and
high ozone days for the New Jersey/downstate New/Southern New England region.
NOx emissions from power plants (or electric getiegaunits — EGU) on high electric
demand days increase significantly over their ozmason average, which typically are
also days of high ozone. This large increase soeithin the confines of the NOx

Budget Program in the Ozone Transport Region, stggethat the seasonal budget does
not adequately limit NOx emissions on high eleatiéenand days — the days that are also
often the most conducive to ozone formation inrdggon.
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Figure 3. Plot of peak daily electricity demand versus daily NOx siiss from EGUs. Blue squares
indicate days of relatively low ozone having daily average BN& emissions of 212.0 tons per day. Red
diamonds indicate days of high ozone, and have daily average\NEIxémissions of 371.4 tons per day.
The figure indicates virtually all the days of highest EGilydNOx emissions correspond to days of high
ozone.

B. Other air quality goals and challenges

States have additional air quality goals and chgls beyond ozone. Meeting the
current fine particulate matter NAAQS (PM2.5) adhas EPA’s proposed more
stringent PM2.5 standard in the future is a keyotiye. Demonstrating reasonable
progress through regional measures to improveilriigibn national parks and wilderness
areas will be a long term task under the fedegibreal haze rule.

II. Analysis of High Electric Demand Day

A. Electric generation on peak summer days



As a general matter, an EGU can be consideredlegfaithin one of three types of
generation depending on its operation charactesistiBaseload” units operate to
provide the minimum electricity demand, or “loadf’a system, thus run almost
continuously and produce electricity at an essiytanstant rate. “Load following
units” typically run at lower levels during the higand then increase generation during
the day to follow the electricity demand. “PeaKingit typically operate less than

10 percent of the time, and are usually turnedrdy at times of peak demand, for
example on the hottest hours of summer days whetoaditioning demand is high.
They may only run a few hours or days during therse of a year, and may not operate
at all during cooler summers. There are regulatie@finitions of peaking units that
typically define them as EGUs having a capacitydanot exceeding 10 percent
averaged over three consecutive years or ozonersgasith the capacity factor not
exceeding 20 percent during any one of those ywarzone seasons (e.g., 40 CFR 72.2
(defining by year); 40 CFR 75.74(c)11 (definingd®one season)).
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Figure4. Example of baseload, load following, and peaking unitSdannecticut based on average
operating time percentage during the 2002-2005 ozone season

Figure 4 is an example of how units can be growgmedrding to their average operating
time. Based on the operational characteristidth®three types of generation, it can be
seen that the units that help increase daily et&gtgeneration during periods of peak
electricity demand during the ozone season aréotukefollowing and peaking units.
This is also illustrated in Figure 5, which is afde of hourly EGU NOx emissions
broken down by the three generation types ovectlese of one week in Connecticut
with high electricity demand, hot weather, and higlne levels. During the week of
August 11-17, 2002, peak generation in the statelargely provided by load following
units, with a smaller portion provided by peakingts. It should be noted that the drop-
off in hourly base load emissions starting on Tagsdugust 13, was largely due to the



shut down of Bridgeport Harbor Unit #3 (net capaeibout 375 MW), which remained
out of service for the remainder of the week. Thitage likely resulted in a slightly
higher fraction of the peak demand being met watdlfollowing units during the outage
period.
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Figure5. Example of hourly emissions profiles over the comfsene week in August 2002 in
Connecticut showing the increase in hourly emissions offlémiving and peaking generation units
relative to baseload units. This was a week of high electdeityand, hot weather, and high ozone levels.

The types of fuels and units used as load folloveing peaking can differ across
different power pool regions. In New England, N@rissions attributable to coal
remained fairly constant throughout the ozone sea$@005, indicating the prevalent
use of coal plants as baseload units. The majoease in NOx emissions with
increasing electricity demand on warmer summer dagd05 came to a large extent
from greater utilization of residual oil (Figure. 6)



Fuel Types Comprising the Daily Nox Emissions
sorted by NOx Mass from New England EGUs
June 1, 2005 - September 15, 2005

m Coal OPipeline Matural Gas or Processed Gas O Residual Qil m Diesel or Other Qil

300

)

53]

o
L

B

=

[}
L

[}
[}
L

=
o
L

Nox Emission from New England EUGs (tons)

[}
[}

Figure 6. Daily NOx emissions by fossil fuel type from New angd EGUs during the 2005 ozone
season. Note that NOx emissions from coal EGUs stays sdjationstant, indicating its use as baseload.
The increase in NOx emissions above baseload occurs primaniyrésidual oil (data from U.S. EPA
Clean Air Markets — Data and Maps (http://cfpub.epa.gov/jdm)

The number of EGUs in operation in New Englandmyithe 2005 ozone season,
however, did not vary as much as the changes in &figsions, indicating that the
residual oil EGUs were load following units, i.einning most of the time, but increasing
generation, hence NOx emissions, as electricityatehincreased (Figure 7). These oll
units tend to have higher NOx emission rates, sstgggthey are less controlled for NOx
than units utilized more often (i.e., higher capatactors).



Residual Oil Combustion, So. New England, August 2005
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Figure 7. Daily NOx emissions and number of residual oil-burrti@Us operating during August 2005 in
southern New England. The bar chart indicates that theetunfibesidual oil-burning EGUs operating did
not vary much during this period, but NOx emissiotseased and decreased significantly with
temperature-driven generation demand (data from U.S. EPA Bledfarkets — Data and Maps
(http://cfpub.epa.gov/gdm)).

In contrast to the New England region, the increaseGU NOx emissions in the New
Jersey/downstate New York region during warmer adybe 2005 ozone season was
about evenly split between increased utilizationatural gas and diesel oil. NOXx
emissions from residual oil also increased, butoadhe same degree as in the New
England region. NOx emissions from coal remairadyf stable, once again indicating
its use as baseload generation (Figure 8).



Fuel Types Comprising the Daily NOx Emissions
Sorted by NOx Mass from downstate NY and NJ EGUs
June 1, 2005 — September 15, 2005
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Figure 8. Daily NOx emissions by fossil fuel type from Newsky/downstate New York EGUs during the
2005 ozone season. NOx emissions from coal and residizbbis stayed relatively constant, indicating
their use mainly as baseload. The largest increase in NOxi@msisgcurred primarily from diesel oil and
natural gas, as compared to residual oil in New England-{geee 10) (data from U.S. EPA Clean Air
Markets — Data and Maps (http://cfpub.epa.gov/gdm)).

Unlike residual oil EGU utilization in southern Négmgland, the number of diesel and
other oil-fired combustion turbines in operatiortlie New York portion of the New

York City multi-county nonattainment area variegrsficantly on a day-to-day basis
during the 2005 ozone season, along with NOx eomssi This suggests that the increase
in NOx emissions on peak summer days in this regmnes to a significant degree from
peaking units, primarily combustion units in thése, brought on line just to meet hourly
peak electricity demand (Figure 9).
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Figure 9. Daily NOx emissions and number of diesel and othdiireitt combustion turbines operating
during August 2005 in the New York portion of thew York City 8-hour ozone nonattainment area. The
bar chart indicates that the number of turbines operatingdvgreatly during this period, in contrast to
southern New England (see Figure 7). NOx emissionsradseased and decreased significantly with the
operating units and temperature-driven generation demarid.stigigests that the NOx increase in this
particular region comes in part from diesel gas and athéred turbines (see Figure 8) operating as
peaking units to meet increased demand (data from U.S. EPA Siellarkets — Data and Maps
(http://cfpub.epa.gov/gdm)).

[Il. The Air Quality Impact of Peak Day Electricity Generation

A. Daily and hourly NOx emissions

As discussed in Section I, electric generatiom, s associated NOx emissions, is not
constant throughout the day, weeks, and monthseil©zone Transport Region.
Generally, we see more demand for electricity amgbmmer, and possibly winter, than
in the spring and fall. Daily electrical demandisially associated with the temperature,
the warmer the day the more electrical demand. #naly electrical demand is very
temperature dependent with hourly demand constardhgasing and decreasing.

Figure 10 provides an illustration of the daily iadility in EGU NOx emissions in the
New Jersey/downstate New York area. Average daulissions during the 2002 ozone
season were 286.5 tons/day, but NOx from elecemegation more than doubled on peak
days, reaching over 600 tons/day.
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Daily NOx Emission from EGUs in NJ/downstate NY
June 1, 2002 — September 15, 2002
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Figure 10. Day-to-day variability in NOx emissions from electrengrating units in New
Jersey/downstate New York between June 1, 2002 and Septemi2902. Average daily NOx emissions
were 286.5 tons per day (TPD) (data from U.S. EPA CAéaMarkets — Data and Maps
(http://cfpub.epa.gov/gdm)).

As with the New Jersey/downstate New York regibeye¢ were also significant peak
emission days in New England. NOx emissions frd&UE in New England averaged
134.6 tons/day from June 1, 2002 to Septemberd®,2vith NOx emissions almost
doubling to over 250 tons per day on peak daysu(eig1).
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Daily NOx Emission from EGUs in New England
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Figure 11. Day-to-day variability in NOx emissions from electriengrating units in New England
between June 1, 2002 and September 15, 2002. Averag&i@ailgmissions were 134.6 tons per day
(TPD) (data from U.S. EPA Clean Air Markets — Data and Mhtip://cfpub.epa.gov/gdm)).

Figure 12 provides a different illustration of teengture and NOx emissions from EGUSs.
This figure orders the daily EGU NOx emissions imNEngland during the 2002 ozone
season from lowest to highest NOx amounts, withte¢hgperature trend indicated by the
line drawn above the bars. This illustrates thathighest EGU NOx emissions tend to
coincide with the warmest days in New England.irAilar relationship is seen as well
with EGU NOx emissions in the New Jersey/downdise York region.
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Daily NOx Emission from EGUs in New England
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Figure 12. Daily EGU NOx emissions during the 2002 New Englamdne season (see Figure 11) ordered
by increasing NOx amounts. The line above the bars irdithe daily maximum temperature at Bradley
International Airport near Hartford, CT that correspormdsach bar directly underneath a temperature
point. In general, increasing temperature correspondsieaising EGU NOx emissions (data from U.S.
EPA Clean Air Markets — Data and Maps (http://cfpub.epdggin)).

The increased electricity demand on the hottes$ dasults in large part from increased
residential air conditioning demand. In Connediitor example, increased residential
use of air conditioning on peak summer days acsolant25 percent of total electricity
demand. Because peak electricity demand is groatigrate faster than baseload
demand due to increasing residential air conditignthe potential exists for even greater
variability in day-to-day EGU NOx emissions in tlgure.

B. Modeling the air quality impacts of peak day electricity generation

The variability in NOx emissions from EGUs is sigrant enough to affect predicted
0zone concentrations in ozone modeling. Unforelgathe ozone models currently do
not capture this ‘real world’ variability. Ozoneonels contain temporal profiles that
allocate annual NOx and VOC inventories to particmhonths, days and hours of a day.
These profiles are often referred to as modelirdddlt’ profiles. For NOx point source
emissions (e.g., EGUs) the modeling ‘default’ dexfido not accurately represent all
types of electric generators, especially thosedpatate to meet peak electrical demand.

An example of this is the changing operational ok of older units previously
treated as baseload. In some locations thereléualdired units originally designed for
baseload, but now only operate when called uptaasiby power supplies. Their
emission rates are based on operating at 90 pdozahtbut their current operational
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status involves more start up and shutdown emissignle generating little power in
standby mode.

In addition, the increased generation needs dgeowth in peak demand as compared to
the baseload can lead to smaller, more nimbleiliged generation sources located
closer to the point of demand. These may not peucad as EGUs in the models, further
minimizing the modeled NOx emissions due to inceelaslectricity generation.

Figure 13 illustrates how the regional ozone madgfor the Ozone Transport Region
incorporates NOx emissions from the EGUs usingstpecific ‘default’ profiles. The
EGU NOx emissions are allocated across the momitrding to state-specific
allocation factors, and then allocated over thesd#ythe week. NOx emissions are also
allocated by hour, showing an increase and deciaasuissions over the day. The EGU
NOx emissions vary somewhat on a monthly and dmbis during the ozone season,
with Saturdays and Sundays somewhat lower thandessk This variation, however, is
simplified in that each individual day of the wesithin a particular month has the same
EGU NOx emissions. For example, while a TuesdBp®) NOx emissions may differ
from a Wednesday'’s, each Tuesday in the same mdghthave the same amount of
EGU NOx emissions as every other Tuesday that month

2002 New Jersey-Specific Modeled EGU NOx Emissions  Profile
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Figure 13. Example of a state-specific ‘default’ profile (New Jersethis case) for daily EGU NOx
emissions that is input into the regional czone modehi® Ozone Transport Region. The New Jersey
state-specific NOx tons are from MARAMAnNd include NOx emissions from more electric generators
than included in the U.S. EPA Clean Air Markets database.

2 MARAMA (Mid-Atlantic Regional Air Management Associatior2)02 MANE-VU Emissions Inventory
Version 1 Summarie§ittp://www.marama.org/visibility/Emissionsinventory/d3 (New Jersey).
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As illustrated in Figure 13, ozone modeling in @®one Transport Region incorporates
EGU NOx emissions that do not vary to the samengtbey vary in reality. (To see this,
compare Figure 13 with Figure 10.)

The New Jersey Department of Environmental PraiediNJ DEP) has begun an effort
to better characterize NOx temporal variations thed impact on regional ozone
formation using hourly data found in EPA’s Cleam Karket Division’s (CAMD)
database. In this effort, NJ DEP is using houdtadn the CAMD database to match all
EGUs, whether they are considered to be baseload fbllowing, or peaking units. Five
states in the Ozone Transport Region have revighesk matched files and designated
their high electric demand day (HEDD) EGUs. Newsdg, Connecticut, and Maryland
looked at units operating on high electric demaagsdor the 2002-2005 ozone seasons.
New Jersey and Maryland designated HEDD EGUs aetiunose annual average
operating time is about 20 percent or lower. Catioet designated HEDD EGUs as
those whose annual average operating time is d&fbpércent or lower. Massachusetts
designated their six highest residual oil-firedddallowing units as HEDD EGUs. New
York designated HEDD EGUs as those defined by eggul in 6NYCRR, Part 200,
Subpart 227-2. Using the CAMD data, NJ DEP wae &bgroup EGUs in the
remaining states in the Ozone Transport Regiompaaking” and “load following”

versus “baseload” according to their relative dbations to maximum hourly and
annual NOx amounts from all point sources. EGlas$ tontributed less than 2 percent to
NOXx on an annual basis, but greater than 1 peafdd©x on a maximum hourly basis,
were considered peaking or load following unitse NOx emissions from these peaking
and load following EGUs were then controlled to lb/inmBtu in the ozone model
during the course of a modeled ozone episode. 8hdts of this rough run showed a
decrease of greater than 7 ppb in maximum ozoneglthre course of the modeled
episode attributable to these units. This is aii@ant impact, and indicates an
important opportunity for future efforts to reduazone forming NOx emissions from
EGUs. Note that the NJ DEP is continuing to reftaenodel run as it receives matched
hourly data from the states in the Ozone TrandRedion.

IV. Identifying NOx Reduction Strategies and Challeges for Peak
Ozone Days

A. Overview

The units now used to meet peak electricity dentanthe Northeast’s hottest days often
do not have stringent emission controls becausedperate relatively infrequently
(typically less than 10 percent of the year). Whileir use is infrequent, it is often
concentrated on the warmest days of the ozone seidmoworst days to be adding
additional NOx emissions.

Analysis of the units in operation during peak dachtimes in New England and the
New Jersey/downstate New York region indicate ¢hedlative few units may contribute
the most to the increase in daily NOx emissioniis Thdicates that a handful of load
following and peaking units could be the prime &sgor NOx reduction strategies on
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the worst ozone days in at least parts of the OZoaesport Region. Care would need to
be taken, however, that unit-specific measuresadderad to shifting generation to other
dirty EGUs currently operating at lower capacitythe region, or that “leakage” occurs
where dirtier generation shifts outside and upwahthe Ozone Transport Region.

Based on the above discussion, it appears thatzihee season NOx Budget Program in
the Ozone Transport Region, while being met, da¢provide sufficient constraints to
achieve necessary NOx reductions on peak ozone sunegys. Electric generators are
able to meet their seasonal budget allocationaigirddOx emission controls on high
utilization units without having to implement sijpant controls on other units.

Because peak ozone formation and peak electriemtyashd often occur at the same time
in the Ozone Transport Region, additional effastselduce NOx emissions from electric
generators on peak demand days must be cognizatgatfic system needs. By the
same token, electricity generation choices on plesmkand days during the summer
should be cognizant of public health and air quadgeds. Therefore, in considering
options to reduce NOx emissions from electric gatoes on peak demand days, planners
should consider strategies that go beyond traditismokestack controls and include
consideration of other less traditional optionse3drcan include output-based NOx
allocations, surrendering of or limiting allowana@shot summer days, energy efficiency
and conservation measures, and other approaches.

B. Technology-based NOx control measures

Peaking units operating 500 hours or less duriegyttar often do not have NOx controls
because of their limited use and relatively lowsse@l NOx emissions, even though they
can have high hourly NOx emission rates and camtgilsignificantly to total daily EGU
NOx emissions on the peak days they operate. N@k emissions can have far more
impact on ozone levels than their overall seasemassions would suggest because the
few days that they do operate typically are thedsbtdays most conducive to ozone
formation.

Traditional technology-based control measures fB8UE will depend on the type of EGU
under consideration. As the previous discussiontpout, the types of fuels and units
(peaking or load following) contributing the mostgeak daily NOx emissions in
different power pools can differ. In New Jersey, éxample, high-emitting combustion
turbines (“high emitting” means having a NOx enussiate greater than 0.15 Ib/mmBtu)
are important NOx emitters on hot summer dayssolthern New England, it can be
load following units burning residual oil.

The differences in which fossil fuel units poweogucers rely on during peak demand
days in New England and the New Jersey/downstate Y&k areas suggest the need for
different control technology options, which may Bpgs well across the greater Ozone
Transport Region. Note that there is a need fdit@ehal analysis of trends in fuel use
and EGU utilization on a daily basis during peakndad days in other parts of the Ozone
Transport Region.
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In the case of combustion turbines, the generatapgcity varies with size, ranging from
about 1 MW up to several hundred MW in generatiapacity. Aeroderivative turbines
are at the lower end in terms of size, with thgeat aeroderivative turbines approaching
40 to 50 MW in size with simple cycle efficienci@gproaching 45 percent.
Aeroderivative turbines are adapted from aircraftigns, and can be thought of as
airplane engines without the airplane. Larger &ngycle gas turbines used exclusively
for stationary power generation can have generatmacities of several hundred
megawatts and operate at thermal efficiencies agping 40 percent. These are
generally cheaper, more rugged, and can operageiddretween overhauls than
aeroderivative turbines. Turbine combustors opeaivery high temperatures, so
turbines without emissions controls can producé hégels of NOxX

Figure 14. lllustrative view of simple cycle combustion turbine
used to generate electricity.

A snapshot of one August day during 2002 indic#ited high emitting combustion
turbines in New Jersey contributed over 50 peroétite state’s total EGU NOx
emissions beginning around 3 p.m. in the afterntemn decreased to only 15 percent by
8 p.m. that evening. Most of these sources opryas peaking units in New Jersey do
not have any NOx controls.

Consistent with the specific example of New Jersiay total NOx emissions from EGU
combustion turbines across the Ozone TransportdRegcreased significantly on high
ozone days in 2005 relative to their seasonal geer®uring the days of July 26-27,
August 4, and August 12, 2005, which all saw regi@xceedances of the 8-hour ozone
standard in the Northeast, the aggregated aver@yedrhissions rate from combustion
turbines across the region increased over thesosed average, indicating increased
electricity generation from dirtier combustion tumés during these polluted days

(Table 1).

3 Gas Turbines, Energy Solutions Center, at
http://www.energysolutionscenter.org/distgen/AppGuideftérs/Chap4/4-3_Gas_Turbines.htm (accessed
April 24, 2006).
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Daily NOx Emissions in 2005 from Combustion Turbines *in OTR States

Date Number of Total NOx Total Heat Input Average
Units Emissions (tons) (mmBtu’s) Emissions Rate
Operating (Ibs/mmBtu)

May 1 — 477 Total: 7,363.3 Total: 94,718,950 0.155
Sept. 30 Daily ave: 48.1 Daily ave: 619,078
Tuesday, 372 220.6 1,979,451 0.223
July 26
Wednesday, 418 260.2 2,155,401 0.241
July 27
Wednesday, 365 181.9 1,756,262 0.207
August 4
Friday, 354 185.0 1,736,021 0.213
August 12

*Summarizes data from 477 combustion turbines ilRQTates reporting hourly emissions to EPA in 2008er
the NOx Budget Program or Acid Rain Program.

Table 1. Table of aggregated daily average NOx emissions and emisatessfrom combustion turbines in
the Ozone Transport Region states. The seasonal averagafd@om these sources is 0.155 Ibs/mmBtu.
The average NOx emissions rate increased to above 0/@0viBsu on the four indicated days in 2005,
which were all high ozone days in the Northeast. By comparithe seasonal average NOx emissions rate
from all EGUs in the Ozone Transport Region states dufia 2005 ozone season was 0.164 Ibs/mmBtu
(average of 1,104 units) (data from U.S. EPA Clean Airkeizr— Data and Maps
(http://cfpub.epa.gov/gdm)).

The major share of NOx emissions from high emittogibustion turbines during the
hottest part of the day coupled with the lack aéemg NOx controls create a significant
opportunity for NOx reductions at opportune timekative to ozone episodes in the
Northeast. Control options include water injectéord replacement of existing
aeroderivative turbines with newer Dry-Lo NOx-baseédple cycle turbines.

Initial analysis estimates the cost of retrofittimgter injection technology on combustion
turbines reduces NOx by about 55 percent at aciadtout $75/MWh, or about
$37,000/MW for peak turbines operating less thah &@urs per year. By comparison,
the market price of peak electricity in New Jersegver $700/MWh. Similarly, a recent
New York Times article stated that in 2003, New K Qiity received from the local

power authority $40 for each kilowatt of demand ¢itg removed from the electricity
grid during times of peak electricity demand ($40/ks equivalent to $40,000/MW).

* Anthony DePalma, NY Times, “Relieving the Power Grid, yiirg the Air,” April 8, 2006. This article
also reported that New York City was disconnecting féedifrom the grid when requested during peak
demand days by turning on their emergency backup diesel gesevetach are typically higher polluting,
thus contributing to greater air pollution on peak sumragsd
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Therefore, the costs of this technology in relatmthe current market price at peak
demand make this a potentially attractive shorhteption.

Over the long term, complete replacement of exgstieroderivative turbines to newer
Dry-Lo NOx-based simple cycle turbines hold therpise of reducing NOx emissions by
over 90 percent. This could be done at a cosb00H00 to $800,000 per MW, and
represents complete replacement of the turbineerdhan an add-on control.

C. NOx allowance options

It is apparent that the seasonal NOx Budget Progmaire Ozone Transport Region does
not create sufficient incentives through allowahaeking and trading to reduce NOx
emissions effectively on hot summer days when ox®oéen at its highest.
Furthermore, while the NOx Budget Program origynaicluded units as low as 15 MW,
the Clean Air Interstate Rule (CAIR) includes oahjits down to 25 MW. Therefore, the
units between 15-25 MW will no longer be part of thOx Budget Program when CAIR
replaces it after 2008. This represents a furthesion of the NOx Budget Program’s
ability to reduce NOx emissions from smaller, pdtigdly dirtier EGUs on high electric
demand days. Below are possible options that doybdove the effectiveness of the
trading programs in achieving NOx reductions fro@Us on hot summer days.

1. Increased allowance retirement rate
Options within the existing budget program couldule requiring more NOx
allowances relative to tons emitted for peakingsinConnecticut, for example, has
implemented a retirement requirement of seven eis@mission reduction credits or
allowances per ton of NOx emitted from peaking E@héd cannot meet their allowable
24-hour NOx emission rate and are in Connectidd@sx trading program. This,
however, may not provide sufficient incentive tduee emissions on peak summer days,
so that a higher retirement ratio could be needed.

2. Reallocation of allowances
There are also options to encourage greater uidizaf the cleanest units during peak
hot summer days. With higher natural gas prices\esof the cleanest gas turbines in the
Northeast do not operate as much during peak dechays] while other dirtier, lower
fuel cost plants (e.g., residual oil and diesaf)paup generation to meet demand. To
address this, the allocation of allowances couldib&ibuted according to electric
generation output, rather than the traditional fust input methotl. This would provide
an incentive to run cleaner plants more during mkakand periods. A relatively greater
share of allowances could also be given to newatp] presuming these are likely the
cleanest in the EGU fleet.

3. Limiting access to allowances if performantzandard exceeded
Another strategy would be not allowing units to @icg allowances to accommodate
increased NOx emissions on hot summer days if #missions rates exceeded a unit-

® Operators of some cleaner power plants may also have permiticos restricting the number of hours
the units may be operated. This may have to be addressedtegpas it wouldn't necessarily be resolved
through an output-based reallocation of allowances.
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specific allowable performance standard. Thisddd done by establishing hourly
emission performance standards for every unit grajon on hot summer days without
requiring any specific control technology. Howeas with the increased allowance
retirement rate option above, this strategy maycnedte a sufficient price incentive to
reduce emissions.

D. Other considerations for air quality and electric system planning

There are additional considerations existing airnterface of air quality and electric
system planning needs that arise because diffptanhing authorities have different
goals (i.e., improving air quality versus ensurabgctric system reliability). The
independent system operators (ISOs) who are redpersr managing the regional
electric power systems are engaged in long-termnit@ processes to secure resources
and increase grid stability for the period afte020 These planning processes intersect
with those being convened now by air quality retprafor ozone and PM2.5 SIPs. In
response to the Federal Energy Regulatory CommigBiBRC), the region's ISOs are
evaluating their existing resource and operatisgmee requirements. Demand growth,
especially driven by peak electricity demand grqvds resulted in the ISOs
recommending that additional resources be develtpettet peak demand and to
increase the amount of operating reserve (i.e.amheunt of capability held in reserve
above and beyond peak demand). These last two cenfmofeed off each other, akin to
a “positive feedback loop” pushing development @ivrelectric system resources.

The evolving electric system may exacerbate exysaimd potential regional air quality
impacts. First, peak demand in general is incnggat a rate more rapid than overall
base demand. Second, FERC has recently increlasedduired operating reserves that
the ISOs will need to maintain and plan for in thieire. The combined effect
significantly increases the amount of resourceswiibbe required by the 1SO to be
available to provide these operating reservesarfuture. In real terms, if in 2005 an
ISO is required to maintain a 15 percent operatesgrve (e.g., capability to replace a
large unit out of service or loss of transmissioe), the capacity needed might be on the
order of 1,500 MW that must be available to prosdevice within 10-30 minutes of
being called. With peak load growth and FERC-driwemeases in operating reserve
requirements, the amount of resources needed wderservice within 10-30 minutes
after 2005 could increase to 2,000 MW or more, thede increased resources must be
included in ISO planning.

A real world example of the pressure to increasatpng reserves is the construction of
a new 345 kilovolt transmission line into southveestConnecticut. System reliability
planning requires the availability of operatingere®s within 10-30 minutes to quickly
replace the new line if it is lost, but the exigticontingency measures are not sufficient
to make up the entire load available with the new.l Therefore, the new transmission
line will require a significant increase in the noen of “quick start” electric system
resources needed as a contingency measure if théngefails during operation.

Several additional factors are also in play; thindteon is broad of a resource, capacity,
load, and units being available to provide serwiin 10-30 minutes. While ISO and
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even some air quality regulators have often inttgut these terms to relate to actual
generating units, this narrow view may simply réegukcontinued short-term solutions
that rely on inefficient fossil-fueled generatidnergy efficiency, conservation, demand
response, and distributed resources can and shewddcommodated and integrated into
long-term capacity and resource planning.

As an example, ISO-NE, the ISO for New England,d@amenced planning to initiate
an auction for long-term resources beginning in&@0r regulators need to participate
in these planning processes and to assure thanhotlo these 1SO decisions not
produce further harm, but to recognize that thikésmoment to assure that the 1ISO
decisions actually improve air quality. Simultansly, air regulators are undertaking
processes to plan for the attainment and maintenafihe ozone and PM2.5 standards.
Measures to reduce the air emissions from EGU aradler units are part of the air
planning processes, which also extend out sevegabky Decisions made or not
considered by air regulators could affect energyketa and result in higher costs, which
will be borne by someone. ISOs and public utilisyrenissions (PUCSs) therefore need to
be engaged in the air planning processes.

At first glance, the PUC and ISO worlds appeard@bleast as complicated, or even
more so, than those of the air regulators. Undedatg PUC and 1ISO processes, decision
making, pressure points, and other key milestosestically important to assure that air
quality concerns are both heard and factored elgvant decisions. Participating at the
start also helps to mitigate the potential foresetvironmental agencies arriving in the
middle when specific generating facilities are giermitted.

Energy efficiency and demand side measures cagsiseekpensive than existing
generation and can reduce federally mandated cbogeharges that would otherwise
go towards building new generation. A process Yahies all resources by including
energy efficiency and demand side measures (ptdfevaluing them higher than the
supply side) will facilitate solutions that avoidntinued reliance on building more
transmission lines or building more generatorssTiiturn will reduce the need to
operate inefficient fossil-fueled generation onkpdays and help to achieve our air
guality objectives.

Other factors also contribute to the need for irggg air quality and electricity
planning processes. Several Northeast and Mid-Atlatates have launched the
Regional Greenhouse Gas Initiative (RGGI). Whildboa constraints are not within the
OTC'’s purview, RGGI provides a vehicle to help gwerall region, including non-RGGI
participating states, achieve co-benefits to aalityy public health and energy security,
all of which fit squarely within OTC’s charge. TR&GI provision to require states to
auction at least 25 percent of their carbon allavearfor public benefit purposes can
create increased investments in energy efficiere@gewable energy, and improved
technology.

To address air quality and electric system planniegds, the market signals sent by
electricity rate structures could be adjusted twvjgle incentives for operating the
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cleanest plants more on peak demand days. Higtees could be set for electricity
generated by cleaner units, while lower valuesqadam electricity from dirtier EGUs.
The overall total payments for electricity couldkept the same, but payments within
this amount could be redistributed so that highdividual payments would go to the
cleaner units, while lower payments would go todhtéer ones. Consumers, therefore,
would not see a difference in their bills.

V. Summary

While there has been significant success in redutia number of ozone exceedances in
the OTR over the past two decades, current tremdisate stagnation in the rate of
progress. In addition, ozone modeling predicts thany of the most heavily populated
regions of the OTR will not attain the 8-hour oz&®AQS by 2009, and many more
areas will be just under the NAAQS, raising conseahout maintaining it.

The NOx Budget Program has contributed to the impgpair quality in the OTR, but it

is increasingly evident that the daily variabilityNOx emissions from electric
generation is not fully addressed through the @ogr Peak NOx emissions from electric
generation on the hottest days in the Northeasbeanore than double the seasonal
average, and these often occur on the days that@stconducive for ozone formation.
The types of units contributing the most to the@ase in NOx emissions typically do not
operate much over the course of the season, addddoe dirtier than generation needed
to meet baseload demand.

The NOx emission estimates used in 0zone modebngod capture the full range of
variability in NOx emissions from electric genecati Therefore, the models may not
adequately assess the ozone impacts of electrerggon during periods of peak
demand.

Strategies available to reduce NOx emissions friattiéc generation on the hottest days
include traditional control technologies and adjustts within the NOx Budget Program.
Reducing electricity demand is also an importaaador achieving reductions. Energy
efficiency and conservation should be included agribie resources for consideration as
part of the “capacity” potential as there are nplétiopportunities yet to be exploited.
Identifying and implementing these go beyond theitronal regulatory arena of state
environmental agencies, and will involve the PUSS)s, and other stakeholders.
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